The continual extraction and indiscriminante use of groundwater for residential sectors could cause a decrease in the groundwater level in Parañaque and Las Piñas City; and allows saltwater to penetrate into the aquifer due to the proximity of Manila Bay. This study models the present condition and extent of saltwater intrusion in the aquifer bounded by Parañaque River and Manila Bay. The model is simulated using a 3D finite element modeling software (FEMWATER) that is capable of modeling the groundwater flow condition in the aquifer. Moreover, the model can also be used to predict the future condition of the aquifer for better groundwater management. This study aims to raise public awareness of the extent of the problem and the possible side effects incurred. The model will serve as a basis for further studies on remediation techniques and saltwater intrusion control in the coastal aquifer of Parañaque City.
Introduction
Water is a primary necessity for life, but remains a problem in urban and coastal areas in the Philippines. The country is rich in natural resources, including water, which are essential for the country's economic development. Water resources of the Philippines include inland freshwater (rivers, lakes, and groundwater), and marine (bay, coastal, and oceanic waters). There is sufficient water; but not enough in highly populated areas, especially during the dry season.
One major source of freshwater is the groundwater. The Philippine's reservoirs cover 50,000 km 2 . They have a storage capacity of 251,100 MCM. The potential supply from surface water sources is estimated at 126,000 MCM/yr, while that of groundwater is approximately 20,200 MCM/yr or about 14% of total water resources potential. Despite these figures, the Philippines ranks among the lowest in terms of freshwater availability per capita at 1,907 m 3 , compared with the average of 7,045 m 3 worldwide and 3,668 m 3 in Asia. According to the National Water Resources Board (NWRB), the consumption of groundwater was distributed as follows: 49% for domestic sector; 32% for agriculture; 15% for industry; and the remaining 4% for all other sectors.
Surface water is largely used for agriculture (85%), while industry and domestic sectors sharing the rest. Based on a study conducted by the Japan International Cooperation Agency (JICA), water demand in the Philippines was 29,944 MCM/yr in 1996. It is expected to dramatically increase to up to 86,500 MCM/yr in 2025. In fact, water shortages are occuring increasingly nowadays. Due to the constant population growth, the groundwater is used extensively to supplement available surface water to meet the increasing water demand [1] .
When fresh water is withdrawn at a faster rate than it can be replenished, a drawdown of the water table occurs with a resulting decrease in the overall hydrostatic pressure. When this happens near an ocean coastal area, salt water from the ocean intrudes into the fresh water aquifer. The result is that fresh water supplies become contaminated with saltwater [2] [3] [4] [5] . The coastal areas of Parañaque and Las Piñas City have been experiencing rapid urbanization, leading to extremely high demands for domestic and industrial water sources. According to the National Water Resources Board (NWRB), this has induced saltwater contamination in the aquifer of Parañaque and Las Piñas City [6] .
As populations continue to expand in coastal communities, the need for greater groundwater withdrawals is certain to increase. The exploitation and restoration of fresh groundwater in coastal aquifer systems should form part of integrated water management system, comprising surface water and groundwater, in terms of water quantity water quality, and water demand [7] . This study aims to simulate the present condition and extent of saltwater intrusion, as well as the projected extent and degree of salinity concentration in the aquifer bounded by Parañaque River and Manila Bay. The condition of the aquifer will be modeled in terms of salinity. From the model results, the present and future condition of the aquifer will be analyzed and possible remediation procedures will be recommended. 
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Methodology
The hydrogeologic system and salinity were linked to the groundwater flow model software and map modeling. The geologic and hydrogeologic information and salinity concentrations were collected and compiled to generate spatial distribution and contamination maps. In line with the study purpose and for consistency with current definitions, freshwater was considered to be water comprising a maximum concentration of 1,500 μs/ cm. The water will no longer be potable once the limit exceeded, therefore additional water treatment is needed or the well must be abandoned or its operation discontinued.
Mathematical Simulation Code
Saltwater intrusion can be mathematically represented by two equations: the flow and the transport equations. Since the density of a liquid depends on the hydraulic conductivity, which in turn depends on the concentration, to correctly simulate salinity diffusion in coastal aquifers, it is necessary to have coupled flow and density-driven transport that makes the saltwater intrusion problem highly nonlinear. These nonlinear equations need to be solved simultaneously to resolve the saltwater intrusion problem.
FEMWATER, a three-dimensional finite element-based, transient, density-driven flow and transport groundwater model of the United States Environmental Protection Agency (EPA), is incorporated to simulate the coastal aquifer under study mathematically. This simulates the flow and transport in both saturated and unsaturated media. Furthermore, the density-dependent problems such as salinity intrusion can be simulated by the coupled flow and transport motion.
The three-dimensional water flow equation is expressed as [8-10]:
where F is the storage coefficient including the effect of unsaturation, water compressibility, and media compressibility; h the hydraulic head; t the time; K the hydraulic conductivity tensor; z the potential head; q the volumetric flow rate of source and/or sink; ρ o the water density at zero salt concentration; ρ the water density at salt concentration; ρ* the density of either the injection fluid or the withdrawn water; θ the moisture content; α' the modified compressibility of the medium; β' the modified compressibility of the water ; n the porosity of the medium; and S the saturation rate. The hydraulic conductivity K is a function of density ρ and viscosity μ, as follows [8] [9] [10] ( ) ( )
where μ is the dynamic viscosity of water at chemical concentration; μ o the dynamic viscosity of water at zero salt concentration; k the permeability tensor; k s the saturated permeability tensor; k r the relative permeability or relative hydraulic conductivity; and K so the referenced saturated hydraulic conductivity tensor.
The referenced value is usually taken at zero salt concentration. T he density and dynamic viscosity of water are functions of chemical concentration, as shown in Eqs. (4) and (5), respectively [8] [9] [10] . 
where a 1 , a 2 , ..., a 8 are the parameters used to define the concentration dependence of water density and viscosity, and C is the chemical concentration.
For saltwater intrusion, the fluid density is taken to be a function of salt concentration as [8-10]: ( )
where c is the salt concentration of the seawater (the actual divided by the maximum one), and ε the dimensionless density reference ratio as defined in Eq. (7) [8-10]:
where ρ max is the maximum density of the seawater, and ρ o the freshwater density. The Darcy velocity is calculated as follows [8] [9] [10] :
The governing equations for transport describe the material transport through the groundwater systems. These equations are obtained on the basis of the law of continuity of mass and flux. The major processes involved in this are advection, dispersion or diffusion, adsorption, decay, biodegradation and injection or withdrawal.
The transport equation is [8] [9] [10] 
where θ is the moisture content; ρ b the bulk density of the medium; C the material concentration in aqueous phase; S the material concentration in adsorbed phase; t the time; V the discharge; the del operator; D the dispersion coefficient tensor; α' the compressibility of the medium; h the pressure head; λ the decay constant; m the artificial mass rate; q the source rate of water; K w the firstorder biodegradation rate constant through the dissolved phase; K s the first-order biodegradation rate through the adsorbed phase; and F the storage coefficient.
The flow and transport equations are coupled by the densitycoupling coefficient and by the Darcy velocity terms that render the saltwater intrusion nonlinear.
Site Description
The study area was located along the southern street of
